Reaction of 3-formylchromone with cyclic secondary amines in methanol results in (E)-2-methoxy-3-(R 2 N-methylene)chroman-4ones, while use of ethanol leads to (E)-2-morpholino-3-(morpholinomethylene)chroman-4-one or enaminoketones as dihydropyran ringopening products. The solubility of the formed products in alcoholic media is postulated to be a key factor that determines the reaction pathway.
Chromones, 1 including flavones, and related chroman-4-ones 2 generate interest in medicinal chemistry by reason of the widespread existence of these structure units among natural products and synthetic medicines. 1,3 4-Oxo-4Hchromene-3-carbaldehyde 1 (Scheme 1; more commonly known as 3-formylchromone) can be distinguished from the array of chromone derivatives due to the presence of three nonequivalent electrophilic centers (an aldehyde, C-2 and C-4 carbons) and a system of conjugated bonds in its structure, that makes 3-formylchromone an attractive pre-cursor with variable reactivity for the synthesis of complex molecules in the reactions with Michael donors, dienes and dienophiles. 4 Several examples of reactions of 3-formylchromones with primary aryl-and hetarylamines, which lead to a wide range of products, have been described. 5 However, their reactions with secondary amines, including saturated heterocycles, have been significantly less examined. It is known that the reaction of 3-formylchromones with pyrrolidine, N-methylpiperazine or piperidine in ethanol leads to enaminoketones 2. 6 Most likely, the mechanism includes the formation of an unstable Michael adduct followed by deformylation and ring opening under action of the second equivalent of the base (Scheme 1).
We have found that the reaction of stoichiometric amounts of 3-formylchromone 1 and cyclic secondary amines, such as morpholine, pyrrolidine, substituted piperidines and piperazines, in methanol at room temperature produces (E)-2-methoxy-3-(R 2 N-methylene)chroman-4ones 3a-m in 27-69% yield (Scheme 2). 7 It should be noted that the reason we succeeded in obtaining 2-methoxychroman-4-ones 3 can be ascribed to their poor solubility in methanol, which leads to their crystallization from the reaction medium and shifts the equilibrium towards these products. Indeed, we were not able to isolate 2-methoxychroman-4-ones, which have good solubility. Thus, attempts to obtain 2-methoxychroman-4-ones with piperidine, 4-hydroxypiperidine, piperidin-4-one, N-methylpiperazine and 2-(piperazin-1-yl)ethan-1-ol moieties were 
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unsuccessful due to lack of crystallization of the desired products and, as a consequence, formation of a complex mixture of unidentified compounds. In this case, the question naturally arises as to whether the reaction is specific for cyclic secondary amines. In the reaction of 3-formylchromone 1 and diethylamine or dibenzylamine, we also obtained complex mixtures of unidentified products. Therefore, we postulate that the presence of a nucleophilic nitrogen in a ring is necessary for success of the reaction. The 2-methoxychroman-4-ones cannot be purified by column chromatography due to their decomposition on silica gel. All substituted 2-methoxychroman-4-ones 3 were obtained as individual (E)-isomers. A NOESY spectrum of compound 3a showed correlations between H-2 and CH 2 N and the absence of interaction between H-2 and =CHN protons, which confirms the trans arrangement of the carbonyl group and the morpholine fragment. The 1 H NMR spectra of chromanones 3 contain distinctive singlets at 3.28-3.45, 6.00-6.19 and 7.54-7.81 ppm for methoxy, H-2 and =CHN protons, respectively. Distinguishing resonances at 54.5-54.9 ppm for the methoxy-carbon, at 99.0-99.4 ppm for C-2, at 100.4-101.7 ppm for C-3, at 147.5-150.3 ppm for =СНN, at 156.2 ppm for C-8a, and 177.4-179.5 ppm for the carbonyl carbon were observed in the 13 C NMR spectra. The IR spectra of compounds 3 contain a high intensity band corresponding to the carbonyl group at 1630-1657 cm -1 .
One of the possible ways for further transformation of the obtained chroman-4-ones 3 is their use as heterodienes in a Diels-Alder reaction. In particular, the reaction of closely related 2-unsubstituted chroman-4-ones with in situ generated dichloroketene or phenylchloroketene, leading to formation of 4-amino-3,4-dihydro-2H,5H-pyrano- [3,2-c] chromen-2-ones has been previously described. 8 It is known that 3-formylchromone 1 can act as a heterodiene through the involvement of the enal system, 9 while its reaction with amines blocks the enal and switches the crossconjugated carbonyl moiety for hetero-Diels-Alder reactions.
At the same time, the reaction of the 3-formylchromone with 2 equivalents of morpholine in ethanol at room temperature or in refluxing benzene leads to 2-morpholino-3-(morpholinomethylene)chroman-4-one (4; Scheme 3) with (E)-configuration, which was confirmed by single-crystal Xray structural analysis. 10 Moreover, a NOESY spectrum showed an interaction between the Н-2 proton and СН 2 N protons of both morpholine rings, while an interaction between the protons of H-2 and =CHN unit is absent. On the other hand, in the reaction with 2 equivalents of pyrrolidine or 1-(4-fluorophenyl)piperazine, only enaminoketones 2a and 2b were isolated under the same conditions. 7 It should be noted that the formation of related chroman-4-one compounds 3 as (Z)-isomers from 3-formylchromones in various alcohols has been previously described for primary aromatic amines exclusively. 11 This fact can be explained by the stabilization of the resulting products by intramolecular hydrogen bonding, while such stabilization in the obtained products 3a-m is absent (Scheme 4). The first stage of the reaction of 3-formylchromone with amines may be either conjugate addition or 1,2-addition to the aldehyde group. It was shown that, in the case of aromatic primary amines, the reaction takes the first pathway. 5a,12f In this case, the driving force of the process is the formation of an intramolecular hydrogen bond between the NH group and the oxygen atom of the pyranone carbonyl group. However, conjugate addition of 1,2,4-triazoles and benzotriazoles to 3-formylchromone would lead to Michael adducts that are not stabilized by hydrogen bonding. Therefore, the reaction proceeds via 1,2-addition, which was con- of 2a, 2b and 4 . Reagents and conditions: (i) 1 (2 mmol), morpholine (4 mmol 
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firmed by isolation of the corresponding 3-[hydroxy(azol-1-yl)methyl]chromen-4-ones. 12 We believe that, in the case of cyclic secondary amines, the reaction also initially proceeds via 1,2-addition to the aldehyde group with the formation of geminal amino alcohols A, which are further converted into adducts B due to nucleophilic attack on the C-2 carbon. The latter are stabilized either by elimination of N,N-disubstituted formamide, which leads to enaminoketones 2 after subsequent opening of the dihydropyran ring, or water with the formation of adducts 3 or 4. Apparently, product 4 is also formed from intermediate B; whereas replacement of the methoxy group with morpholine or other secondary amines in the preliminary obtained 2-methoxychroman-4-one 3a is not observed. The isolation of chromone 4 instead of the enaminoketone of type 2 from the reaction mixture occurs due to its poor solubility.
These unexpected outcomes prompted us to investigate the reaction of 3-formylchromone with 1H-azoles. We found that prolonged heating of an equimolar mixture of 3formylchromone 1 and imidazole or benzimidazole in methanol resulted in symmetrical 3,3′-[(azol-1-yl)methylene]bis(4H-chromen-4-ones) 5a and 5b (Scheme 5). 13, 14 The proposed reaction mechanism involves successive 1,4and 1,2-addition of two equivalents of azole to 3-formylchromone with the formation of adduct C, which, on the one hand, leads to chromone D as a result of elimination of the azole and N-formylazole and, on the other hand, is con-verted into intermediate E due to dehydration. The subsequent Michael reaction and elimination of the azole leads to products 5a and 5b. However, these outcomes only occur for the reaction with imidazole and benzimidazole. In the reaction with other 1H-azoles under these conditions, we obtained complex mixtures with only trace amounts of the desired products.
In conclusion, the reaction of 3-formylchromone and cyclic secondary amines in alcohols has been studied. Varying the nature of the amine, the solvent used, and the ratio of reagents affects the direction of the reaction and can lead to both 2-substituted 3-(R 2 N-methylene)chroman-4-ones and enaminoketones as products of ring-opening. The solubility of the final product is a key factor, since it determines the position of the equilibrium. 
Funding Information
